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Abstract 
A system to effectively monitor and evaluate a damaged road on the quality of the road 
surface. This is achieved using an image classifier convolution neural network. This can be 
used for a wide variety of uses like safety warnings to the driver and the car computer, more 
accurate travel time estimations etc. 
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INTRODUCTION 
Roads are a very important infrastructure. 
A strong road transportation network is key 
to a strong economy. But all over the world 
we face difficulties in successfully and 
efficiently maintaining the quality and 
safety of the road surface and its timely 
maintenance. The proposed system makes 
road surface monitoring easier and up to 
date. Data about any change in the depth 
on the road surface with respect to adjacent 
stretch of road is collected. The data can be 
used to effectively evaluate different 
parameters of the particular road, like the 
durability of the material, instance prone to 
failure of the material, the general quality 
of a road network, etc. This data can also 
be used to warn the road users on the 
upcoming damaged sections of the road or 
speed-breakers etc. 
 
PROBLEM STATEMENT 
As discussed in the introduction, there 
exists no easy and automated way to 
effectively monitor and evaluate a road 
networkThe process of data collection and 
monitoring is especially difficult because 
of the long distances involved and the fact 
that the condition of the road is 
continuously changing, influenced by the 
factors like weather, age, etc. This leads to 
a time delay in the detection and the 
rectification of road damages. Thus the 
vehicles on the road will be faced with 
unexpected road conditions. This kind of 
unexpected damages, speed-breakers, etc. 
can be dangerous especially if the driver is 
not a daily commuter and/or it is night 
time. 
 
SOLUTION 
In order to effectively maintain the road 
infrastructure and warn drivers and/or the 
car computer of an upcoming section of a 
road, a database on the surface condition of 
the road should be maintained. This 
database should be regularly maintained to 
keep up with the continuously changing 
road surface conditions. To achieve this, 
the proposed system has a road scanning 
module which can be mounted on any 
existing vehicle which can collect the road 
surface data in real time. Preferably the 
vehicle should be one which takes a routine 
path every day. The collected data is to be 
stored like other online map data as an xml 
file where the positional data of damaged 
sections of the road and other feature are 
described with respect to the reference 
point’s latitude and longitude. 
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SCANNING METHOD 
A novel scanning method is employed in 
order to effectively scan the road data with 
minimal computing power and to maintain 
accuracy in the varying speed conditions. 
 
Pattern Projection and Machine Vision. 
In order to effectively differentiate the 
change in depth on the road surface, an 
active sensing approach is used. Here a 
pattern is projected onto the road surface. 
Changes in the dimensions of the pattern at 
the receiver can be used to determine the 
condition of the road surface. Thus any 
distortions in the pattern caused by 
imperfections on the road can be used to 
effectively detect the same. Examples of 
the patterns used are shown in figures 1 
and 2. 
 
Hardware 
The setup used includes the following 
 Patternprojector 
 Receiver /camera 
 Processingunit 
 
The required pattern can be projected 
using a laser and a Diffractive Optical 
Element (DOE)[3].A pattern of any 
required dimension and shape can be 
generated with the necessary laser 
andDOE. 
 
Infrared spectrum is the most appropriate 
for the application.IR of frequencies which 
gets scattered in the upper atmosphere by 
water molecules and is of less intensity in 
the solar spectrum at sea level is ideal[4]. 
 
The camera used to receive the pattern 
must be able to recognize the particular 
spectrum used with adequate resolution. 
 
 
Fig: 1.Damaged SampleFig: 2.Undamaged sample 
 
Software 
In order to detect the presence of a surface 
imperfection from the input image from the 
camera, the change in the dimensions of 
the projected pattern can be used. The 
magnitude and direction of the distortion in 
the pattern can be used to map the depth of 
the road surface from the input image. This 
can coded manually by monitoring and 
evaluating every change in dimension of 
the pattern. But the process of coding every 
possibility and building a system 
generalized enough to be reliable is a very 
tedious task. Instead a Convolution Neural 
Network (CNN) trained to classify images 
can be used to differentiate between the 
different features of the road surface. 
 
Image classifier CNN 
An image classifier can be used to 
determine the condition of the road and the 
different features of its surface. In our 
setup we used an open sourced machine 
learning library and pre- trained CNN 
image classifier. 
 
The Tensorflow machine learning library 
authored by Google is a very effective tool. 
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This was used along with the Google 
Mobilenet image classifier pre-trained 
CNN. The CNN is retrained using the 
retrain script available in the Google 
Tensorflow for poets repository[1]. The 
CNN was in this case trained to identify 
and classify damaged and undamaged road 
images. 
 
ADVANTAGES 
The use of a neural network uses less 
computing resources decreasing the cost of 
the device. This in turn helps in turn helps 
in deploying the system in largenumbers. 
Encoding the data as an XML file can help 
in integrating the data into existing 
databases, in graphically representing the 
data and using lessmemory 
 
RESULTS AND DISCUSSION 
 
Fig: 3. Small model for the test of damaged 
and undamaged road surfaces 
 
To test the system a small model as shown 
in figure 3 was made. It has a sand bed 
which can be used simulates both damaged 
and undamaged road surfaces. A webcam 
is used to input images to detect the 
condition of the simulated road surface. 
 
For the test setup the pattern was generated 
by using a honeycomb pattern perforated 
plate as in the figure and a light source. 
The light creates a shadow pattern which 
can be inputted to the retrained image 
classifier and detect the condition of the 
road. 
 
 
Fig: 4.Test setup by using a honeycomb 
pattern 
The result of the test setup is outputted as 
shown in figure 4.The damaged section of 
the simulated road is highlighted using red 
color. 
CONCLUSION 
In conclusion the proposed system uses a 
unique methodology using machine 
learning and an image classifier 
convolution neural network which could 
enable many advantages compared to 
similar technologies. The system provides 
a scanning system with no moving parts 
like LIDAR and uses less computing 
resources thanks to the use of machine 
learning.    
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